To evaluate the impact of posttraumatic stress disorder (PTSD) on health-related functioning, we assessed 800 U.S. Army soldiers before and after 1-year military deployments to Iraq. As part of the Neurocognition Deployment Health Study procedures, each soldier completed at both time points self-report indexes of PTSD symptom severity, health behaviors (smoking, alcohol use), and somatic health-related functioning. Participants also completed a health-symptom checklist at the postdeployment assessment. Structural equation modeling revealed that postdeployment PTSD severity was associated with change in somatic health-related functioning, with postdeployment health symptoms as an intermediary variable. These relationships were independent of health risk behaviors, which had little association with somatic symptoms or PTSD. Our findings highlight the functional impact of PTSD, which extends beyond psychological symptoms to health-related daily functioning.
INTRODUCTION
The clinical impact of posttraumatic stress disorder (PTSD) extends well beyond the more narrowly defined symptom criteria required by current diagnostic psychiatric taxonomy systems [1] . In addition to leading to a spectrum of psychological symptoms, PTSD is also associated with significant functional impairment, including increased risk of somatic symptoms and health disorders [2] [3] [4] [5] [6] [7] , health-related changes in day-to-day functioning [8] [9] [10] [11] [12] [13] , diminished overall well-being and quality of life [8, [14] [15] [16] , psychosocial and interpersonal dysfunction [17] [18] [19] , and occupational impairment [17, 20] . Such functional impairment, especially when health-related, may result in significant costs to society [13, 21] . For example, individuals with a PTSD diagnosis use more medical services and incur higher healthcare costs than do individuals with other psychiatric disorders [7, 16, [21] [22] [23] [24] [25] [26] [27] . Among healthcare consumers, such as combat veterans, who are at increased risk for PTSD [28] [29] [30] [31] , the personal burden and societal costs may reach unacceptably high levels.
Although mounting empirical evidence strongly suggests that higher levels of PTSD are associated with poorer health-related functional outcomes, less is known about potential mechanisms leading to health-related dysfunction in PTSD [32] . Increased knowledge of the mechanisms (i.e., "mediators") through which PTSD leads to functional impairment may influence early interventions targeting prevention of health-related functional impairment. Likewise, identification of mediators potentially helps identify PTSD subsets at elevated risk, thereby informing resource allocation.
Health symptoms and health risk behaviors may be particularly important mediators of the relationship between PTSD symptomatology and health-related functional outcomes. PTSD has been linked both to increased risk of somatic symptoms such as dizziness, fainting spells, pounding or racing heart, or shortness of breath [7, 11, [33] [34] [35] and to medical illnesses [11, 36] such as cardiovascular disease [29, [37] [38] , nervous system disease [39] , and gastrointestinal disorders [10] . Although several psychological [40] [41] and biological [42] [43] mechanisms may explain associations between PTSD and health outcomes [44] , health risk behaviors such as alcohol use [5, [45] [46] , tobacco use [5, 9, [47] [48] , and poor sleep hygiene [7, 43] stand out as potentially modifiable risk factors for poor health outcomes in individuals expressing high levels of PTSD symptoms [49] . Less is known, however, about the impact of PTSD-related health risk behaviors and health symptoms on health functioning.
Efforts to examine relationships between health risk behaviors or health symptoms and functional outcomes in PTSD identify both health behaviors and health symptoms as at least partially mediating the relationship between PTSD symptomatology and functioning, but these relationships remain inconclusive. For example, in comparison with population norms, a cohort of more than 800 military veterans seeking treatment for PTSD at a Department of Veterans Affairs (VA) facility showed increased health risk behaviors, increased chronic medical conditions, and poorer health-related functional outcomes [5] . Similarly, data from more than 36,000 respondents surveyed as part of the Canadian Community Health Survey indicated that PTSD was associated with physical health problems, poor quality of life, and short-and long-term disability [50] . Among more than 2,000 adults residing in New York City on the day of the World Trade Center attacks, excessive alcohol use was associated with both PTSD symptoms and poor mental health functional status [46] .
In contrast, although alcohol use was high among patients who underwent surgery for physical traumas, it was not independently associated with functional outcomes; however, PTSD diagnosis predictably showed strong independent associations with functional outcomes [45] , suggesting a direct link between PTSD and functioning. Results of the VA Normative Aging Study have suggested that PTSD is associated with functional outcomes independently of behaviors such as alcohol consumption and smoking [9] , although links between smoking and functioning were also observed. Likewise, using cross-sectional data, Taft et al. found that PTSD symptom severity was the most important variable explaining functional health status among both men and women in a sample of more than 1,600 Vietnam veterans enrolled in the National Vietnam Veterans Readjustment Study [51] . Among male veterans, however, PTSD symptom severity was also linked to functional status via physical health conditions.
In one of the most comprehensive descriptions of causal pathways between PTSD symptoms and health functioning, Ford et al. studied more than 300 World War II veterans previously exposed to mustard gas [52] . This cross-sectional study revealed several important findings: (1) toxic exposure affected health problems and health functioning through PTSD symptoms (i.e., PTSD mediated the relationship between exposure and health), (2) although PTSD symptoms were directly related to health functioning, physical health problems also affected functional status and mediated the relationship between PTSD symptoms and healthcare use, and (3) alcohol use and smoking behaviors were not related to functional status or PTSD symptoms.
In this article, we have extended Ford et al.'s work [52] by addressing longitudinal relationships between PTSD symptomatology, health risk behaviors, health symptoms, and health-related functioning. Specifically, we examined the relationship of postdeployment PTSD symptom severity to pre-to postdeployment change in physical health-related functioning in U.S. Army soldiers deployed to Iraq in support of Operation Iraqi Freedom (OIF). Additionally, two health-related factors (i.e., health risk behaviors and health symptoms) were examined as potential mediators of this relationship. The prospective study design, including pre-and postdeployment assessments, offered a unique opportunity to examine directional relationships more rigorously than was possible within cross-sectional frameworks or via longitudinal assessment beginning after trauma exposure. The nontreatment-seeking sample of OIF veterans also provided a rare opportunity to examine relationships among PTSD symptoms, health risk behaviors, health symptoms, and health-related functioning in a recently trauma-exposed sample before development of chronic dysfunction.
We hypothesized that PTSD symptom severity at postdeployment would be inversely related to change in physical health functioning. Such change was measured with "residualized" scores: the values of the postdeployment functioning outcome measure after removing the contributions of the predeployment scores to this measure (i.e., a difference score between predicted physical health functioning from the earlier assessment and the actual observed score at the later assessment). We further predicted that in addition to direct relationships between PTSD symptomatology and physical health-related functioning, the relationship between PTSD symptoms and physical health-related functioning would be partially mediated by health-related risk behaviors and postdeployment health symptoms. In addition, we used our assessments of predeployment PTSD, smoking, and drinking and their associations with one another and with predeployment physical health functioning to examine the stability of the pattern of their relationships over time.
METHODS

Human Subjects Considerations
Human subjects approvals were obtained from the human subjects review boards of the Army, Tulane University Health Sciences Center (New Orleans, Louisiana), and VA. All participants provided written informed consent before participation.
Participants
Participants were 800 U.S. Army soldiers who deployed to Iraq in support of OIF between October 2003 and December 2004 and were assessed before (Time 1) and after (Time 2) their deployment. Participants were selected from a cohort of 1,542 soldiers enrolled in the Neurocognition Deployment Health Study (NDHS), a larger study targeting neuropsychological outcomes of Iraq deployment [53] [54] . Detailed sampling, recruitment, and consent procedures are described elsewhere [54] . In brief, we conducted sampling at the battalion unit level and attempted to capture heterogeneous deployment experiences and geographic separation within the war zone. Units represented combat arms, combat support, and combat service support functions and were drawn from both the regular active duty (AD) force and the National Guard (NG). Study volunteers were not invited to complete procedures if they were pending separation from service or reassignment to another installation at Time 1 or if they were unable to complete the study protocol because of physical limitations (e.g., broken hand).
The Time 1 NDHS participation rate (n = 1,542) was high (94.4%). At Time 2, participants who remained assigned to units located at the same AD military installation or NG armory were again invited to participate in the full study protocol. Of the 1,542 soldiers assessed at Time 1, 75.5 percent (70.8% of soldiers from deployed units, 82.9% of soldiers from nondeployed units) participated at Time 2. Because our hypotheses centered on relationships between war-related PTSD and health functional impact, only soldiers who deployed between Time 1 and Time 2 are considered in this report. At Time 2, the predominant reason for nonparticipation among deployers was that they were no longer with their original military unit (n = 186, 60.4%). Other reasons for nonparticipation at Time 2 included being on leave or special assignment (n = 36, 11.7%), being sick/injured (n = 7, 2.2%), being deployed at Time 2 (n = 7, 2.2%), declining participation (n = 7, 2.2%), being a deactivated reservist (n = 4, 1.3%), being deceased (n = 3, 1.0%), and other/unknown (n = 58, 18.8%). An additional 24 deployers were excluded for invalid (i.e., internally inconsistent) questionnaire response profiles (n = 21) or not completing a questionnaire at both time points (n = 3), resulting in a final deployed sample of 800 (687 AD, 113 NG) soldiers.
At Time 1, participants in the final sample generally reflected the broader OIF-deployed Army population. On average (mean ± standard deviation [SD]), participants were 25.8 ± 6.0 years of age, had completed 12.5 ± 1.4 years of education, and had served in the Army 4.7 ± 4.9 years. About one-half (46.9%) were married at Time 1, and about one-third (38.6%) identified themselves as having ethnic minority status. Women (7.0%) were underrepresented compared with the expected proportion of contemporaneously deployed Army women but were representative of the sex composition of participating military units. Commissioned officers (2.2%) were also underrepresented. At Time 1, 11.5 percent had participated in a prior overseas operational deployment (n = 10 deploying to Afghanistan or Kuwait in 2001 or later, n = 1 participant having served in Iraq). The most prevalent military occupational categories were infantry/gun crew (37.0%), communication/intelligence (16.5%), electrical/ mechanical equipment repair (15.1%), and service supply (8.1%). Among participants for whom deployment and redeployment dates were available (n = 777), all but 27 (23 AD, 4 NG) served a 12-month OIF rotation.
Measures
Demographic (e.g., age, sex) and military (e.g., rank, deployment history) information was queried via interview and written survey questions. Military information was verified by service records. A comprehensive description of primary assessment data and secondary data obtained from automated military databases is provided elsewhere [52] . A description of the measures relevant to our hypotheses follows.
Posttraumatic Stress Disorder Symptom Severity
The PTSD Checklist (PCL), a widely used self-report scale measuring distress levels associated with each Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition PTSD symptom [55] , * was used to derive PTSD symptom severity scores and was administered at Time 1 and Time 2. The civilian version was used for comparability across time points, including Time 1 in which the majority of participants had no prior combat exposure. The PCL is characterized by high test-retest reliability (r values = 0.92 and 0.88 for immediate and 1-week retest, respectively), internal consistency (Cronbach α = 0.94), and convergent validity (r values > 0.75) with other PTSD measures [56] . We generated dimensional symptom-based indicators of PTSD (i.e., reexperiencing, avoidance, emotional numbing, hyperarousal), reflecting a four-factor model [57] , by grouping PCL items into appropriate subscale scores.
Health Risk Behaviors and Health Symptoms
To reduce respondent burden, we limited health risk behaviors to screening items judged to be of highest relevance to NDHS primary outcome domains (neuropsychological functions). Collected at Time 1 and Time 2, health risk measures included average number of alcoholic drinks a week in the month before assessment and current cigarette smoking. Smoking was categorized as either 0 (nonsmoking), 1 (less than one pack a day), 2 (one to two packs a day), or 3 (three or more packs a day) and then subsequently collapsed into 0 (nonsmoking) and 1 (smoking).
Health symptoms were measured at Time 2 with an abbreviated version of a health symptom checklist, adapted from earlier work involving 1991 gulf war veterans [58] . Each participant was asked to report the frequency with which he or she had experienced a set of 17 health symptoms and complaints (e.g., headaches, irregular heart beats, common cold) over the prior 30 days; frequency was measured on a scale from 0-4 (0 = no symptom; 1 = rarely, 1-2 times in all; 2 = some, about once a week; 3 = often, several times a week; 4 = very often, almost every day). We computed the summary score by summing the 17 symptom frequencies.
Health-Related Functioning
The self-appraised impact of somatic ("physical") problems on basic components of day-to-day functioning (e.g., accomplishing less than usual) was measured at Time 1 and Time 2 with the physical component summary (PCS-12) of the version of the Medical Outcomes Study 12-Item Short Form (SF-12) [59] that has been adapted for use in military veterans and designated the VR-12 (formerly the SF-12V). The VR-12 is the short form of the widely used SF-36V. PCS-12 component score have correlated highly with PCS-36 scores (r = 0.95) from the SF-36 (i.e., long form) [60] . Alternate forms reliability measures have shown estimates from 0.84 to 0.90 across different samples varied by age, sex, and health status [60] . Test-retest reliability, based on intraclass correlations, has been high for nondisabled community volunteers (r = 0.84) [61] and volunteers with severe mental illness diagnoses (r = 0.79) [62] .
Procedures
As described by Vasterling et al. [54] , survey measures were administered in small groups at military installations for most participants. We also contacted by mail a smaller subset of participants (n = 21) who were not present at Predeployment assessment of AD soldiers occurred 95.2 ± 95.1 days (mean ± SD) before actual deployment (median = 45 days), although most participants thought deployment to be imminent at the time of their assessments. The discrepancy between expected and actual deployment dates reflects that a subset of AD participants belonged to military units for which deployment orders were cancelled after their Time 1 assessment. Deployment orders for these units were subsequently reinstated. Thus, although all units were actively preparing to deploy at Time 1, a subset did not actually deploy until several months later.
At Time 1, NG soldiers had been recently mobilized from their home states and sent to Camp Shelby (Mississippi) for training and preparation. The NG predeployment assessments immediately preceded participation in intensive desert training, which was followed by a brief return to Camp Shelby and then deployment to Iraq. Reflecting this sequence of events, predeployment assessment of NG soldiers occurred 114.3 ± 31.9 days (mean ± SD) before their overseas deployment (median = 115 days).
Postdeployment assessment of AD soldiers serving full tours occurred 73.4 ± 19.5 days (mean ± SD) from each participant's return from Iraq (median = 75 days); postdeployment assessment of NG soldiers occurred 197.5 ± 34.0 days after their return from Iraq (median = 189 days), reflecting scheduling constraints associated with the timing of NG postdeployment assemblies.
Statistical Analyses
Data Preparation
Missing values for specific items (occurring in <3% of cases) were replaced by the mean value of the individual's completed items for that measure; however, if less than 50 percent of the items on a measure were completed, summary scores were not computed.
Analyses
For all analyses, raw data were submitted to the Mplus program, version 4.1 (Muthén & Muthén, Los Angeles, California) [63] . Before computing the multi-variate models, we examined and interpreted an estimated bivariate correlation matrix of the latent study variables according to Cohen [64] . Structural equation modeling (SEM) was used to test the hypothesized models. Data were collected and therefore clustered within battalion-level units. To account for the effects of assignment to a particular battalion, we entered battalion unit membership as a cluster variable into all SEM equations. Age was included as a covariate in all SEM analyses. The full information maximum likelihood method was used to accommodate missing data (occurring in 14% of cases). Soldiers who did not participate in the postdeployment assessment were excluded from analyses.
PTSD was modeled as a latent variable with four observed indicators: PTSD reexperiencing, PTSD avoidance, PTSD numbing, and PTSD hyperarousal subscales. Age was included in the measurement model as an observed variable. The model also involved the following variables that were singly identified by their corresponding observed scale scores: predeployment smoking, predeployment drinking, predeployment physical functioning, postdeployment smoking, postdeployment drinking, postdeployment health symptoms, and postdeployment physical functioning.
SEM analyses followed a two-step approach. First, a measurement model was computed to test the adequacy of the hypothesized latent (i.e., not directly observed) variables in explaining the corresponding observed indicators. Second, a structural model was specified and evaluated to examine the effects of PTSD symptoms, negative health behaviors, and health symptoms on physical functioning. Variables from pre-and postdeployment time periods were used to test the hypothesized model pathways, with the exception of health symptoms, for which data were collected only at postdeployment. Mplus was used to calculate the direct and indirect effects of model predictors on physical functioning. The two-wave (pre-and postdeployment) data structure enabled us to examine whether model predictors influenced change in functioning over time and to ascertain the stability of predictors over the pre-to postdeployment interval.
All model variables were continuous with the exception of pre-and postdeployment smoking, which was modeled dichotomously (smoking vs nonsmoking). Mplus model pathways involving dichotomously modeled variables are based upon polychoric correlation coefficients [65] . Given that the smoking variable was dichotomous, the weighted least squares with mean and variance adjustment estimator, which has been shown to be an ideal estimator for models involving dichotomous data, * was used in all SEM analyses. Table 1 provides the mean and SD values of key study variables at pre-and postdeployment assessment. Results of bivariate correlational analyses revealed significant bivariate correlations in the hypothesized direction for most model latent variables ( Table 2) . Correlations between health risk behaviors (smoking and drinking) and other model variables were generally in the small range according to Cohen's guidelines [64] . The cross-sectional correlation between PTSD and physical functioning was small at predeployment and moderate at postdeployment. In contrast, postdeployment health symptoms evidenced a large correlation with postdeployment PTSD and a moderate to large correlation with postdeployment physical functioning. As would be expected, postdeployment values of key measures (PTSD, health behaviors, functioning) were strongly correlated with predeployment values of the same measures. This corre-lation was particularly true of smoking status, which changed very little over time.
RESULTS
Variable Descriptives and Bivariate Correlations Among Study Variables
Multivariate Structural Equation Modeling Analyses
SEM was used to test the hypothesized multivariate model involving PTSD symptoms, health risk behaviors, health symptoms, and physical functioning at pre-and postdeployment (Figure 1) .
Measurement Model
A measurement model was first calculated to determine the adequacy of the hypothesized latent model structure in explaining the underlying observed data. The measurement model was shown to produce an acceptable model fit. Although the chi-square test was significant (χ 2 (5, N = 800) = 14.37, p = 0.01), this test is shown to be extremely sensitive to even small model-data deviations with large samples and, thus, a poor measure of the overall statistical model [66] . Therefore, the comparative fit index (CFI) [67] and root-mean-square error of approximation (RMSEA) are more appropriate fit indexes by which to judge model fit. The CFI was 0.98, exceeding the recommended standard of 0.95, and the RMSEA estimate of 0.05 fell below its suggested maximum value of 0.08 [68] [69] [70] . These results suggested that the latent variable model effectively matched the underlying data structure.
Structural Model
A structural model was next computed to test the hypothesized relationships among study variables (Figure  1) . Fit indexes for the structural model suggested an * Muthén B, du Toit SHC, Spisic D. Robust inference using weighted least squares and quadratic estimating equations in latent variable modeling with categorical and continuous outcomes. Unpublished manuscript, 1997. acceptable fit to the data (χ 2 (5, N = 800) = 16.53, p = 0.006; CFI = 0.98; RMSEA = 0.05).
Predeployment
At predeployment, more severe PTSD symptomatology was associated with greater alcohol consumption but the relationship between PTSD symptoms and smoking behaviors was nonsignificant (Figure 2) . Endorsement of predeployment smoking was associated with poorer predeployment physical health functioning, whereas level of drinking was not related to physical functioning at the predeployment assessment. In addition, predeployment PTSD symptomatology was negatively associated with predeployment physical health functioning.
Postdeployment
At postdeployment, PTSD symptoms were again directly associated with drinking behavior. Moreover, this relationship was maintained even after controlling for predeployment drinking, suggesting that higher levels of postdeployment PTSD were associated with increased drinking from pre-to postdeployment. A large positive relationship was also observed between postdeployment PTSD and postdeployment health symptoms. In contrast to the direct relationship between PTSD symptoms and health functioning observed at predeployment, the association between postdeployment PTSD symptoms and change in physical health functioning across deployment was indirect (Figure 2) . Specifically, the relationship between PTSD and functional change was almost entirely explained by postdeployment health symptoms (standardized indirect effects = -0.27, p < 0.001). In the presence of PTSD, neither postdeployment drinking nor postdeployment smoking behaviors were associated with postdeployment health symptoms or physical health functioning ( Table 3) . Hence, changes in pre-to postdeployment physical health functioning were partially explained by the positive pathway from postdeployment PTSD to health symptoms and by the negative pathway from health symptoms to residualized change in physical health functioning. 
DISCUSSION
To our knowledge, this is the first study to examine longitudinal relationships between PTSD symptomatology and health-related functioning. In a sample of 800 U.S. Army soldiers deployed to Iraq, we found an indirect relationship between PTSD and health-related functional outcomes. Specifically, postdeployment PTSD symptom severity was only weakly related to day-to-day healthrelated functioning if the influence of health symptoms was controlled. Instead, PTSD symptoms seem to adversely impact physical health functioning via their negative effect on health symptoms, which in turn negatively influence day-to-day functioning. While it seems intuitive that the impact of health on day-to-day functioning has much to do with the number and frequency of somatic symptoms, particularly for military veterans and other trauma victims seeking treatment for PTSD, such health symptoms appear to be set in motion by PTSD.
Contrary to our hypotheses, the statistical model revealed no evidence that select health risk behaviors mediated PTSD symptoms and health symptoms. Although smoking mediated the relationship between PTSD and health functioning at predeployment, smoking was not related to either PTSD symptoms or health functioning at postdeployment. Instead, smoking status appeared to be relatively invariant across time, regardless of PTSD symptom levels or health functioning status. Therefore, neither the direct relationship between PTSD symptoms and health symptoms nor the indirect relationship between PTSD and decline in health functioning (mediated by health symptoms) could be explained by health risk behaviors.
This finding suggests a more direct relationship, or the existence of an unobserved mediating factor, between PTSD and health symptom development. Several alternate mechanisms, such as depression [71] , coping behaviors [72] , and biological resiliency factors [73] , have been proposed but not tested within our model. Alternately, our measurement of behavioral health risk factors, which was limited to relatively course screening measures, may not have captured the most relevant dimensions of health risk behavior.
Also noteworthy is that relationships between PTSD symptoms, health symptoms, and day-to-day functioning were demonstrated in a cohort of nontreatment-seeking, predominantly young Army soldiers who had recently returned from overseas deployment. Such relationships could be hypothesized to be even more prominent among treatment-seeking military veterans or those beginning to express more chronic symptoms of PTSD. That PTSD Interpretation of our study findings is limited by several factors, including the failure to measure somatic health symptoms at predeployment assessment; the restriction of health risk assessment to screening measures; the underrepresentation of women, officers, and reservists in the sample; and the inclusion of only one service branch. Nonetheless, the prospective design, large sample size, range of military occupational specialties, and the sample's representativeness of the larger deployed Army population on other relevant dimensions allowed examination of relationships among PTSD symptoms, health, and functioning in a manner not previously possible.
CONCLUSIONS
This prospective study of a large cohort of U.S. Army soldiers who deployed to Iraq in support of OIF revealed that the impact of PTSD extends beyond adverse emotional sequelae to health symptoms and healthrelated day-to-day functioning. The findings have significant implications for the reduction of personal burden and societal costs among military veterans and other trauma-exposed populations who develop PTSD symptoms after exposure to extreme stress.
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